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Open Access 2 and the drain port is small (3.2 mm in diameter). In all five cases, two cases were left coronary artery to right atrium fistulas, the other one case was right coronary artery to right atrium fistula, three cases of successful interventional treatment.
Case 1
A 1-year-old boy, aortic root DSA revealed a left coronary artery to right ventricle fistula with significant expansion of the left coronary artery, running tortuous ( Figure 1a ), distal stenosis (3.8 mm diameter). Cardiac ultrasound showed dilatation of coronary section, Doppler US imaging demonstrated the direction of blood flow (Figure 1b) . By X-ray fluoroscopy-guided interventional treatment of coronary artery fistula was implemented, firstly established channels by the aorta, the left coronary artery and right ventricle fistula, then placed the guide sheath. An amplatzer occluder was placed on the lower end of the narrowest part of the left coronary artery, first opening an umbrella at the distal of the stenosis (Figure 1c) , another umbrella at the proximal stenosis, fistula was blocked. Postoperative aortic root DSA showed no obvious contrast agent shunt, amplatzer umbrella being normal position ( Figure 1d ).
Case 2
An 11-year-old boy, aortic root DSA revealed a left coronary artery anterior descending branch to right ventricle fistula (Figure 2a) . Selective left coronary artery anterior descending branch angiography showed obvious expansion of the left coronary artery, running tortuous, a small right ventricle fistula (Figure 2b ). Cardiac ultrasound showed dilatation of left coronary artery anterior descending branch, a small right ventricle fistula (3.2 mm diameter) (Figure 2c ). Under X-ray fluoroscopy a amplatzer occluder was tried to place on the right ventricle fistula (Figure  2d ), finally, no success.
Case 3
A 4-year-old girl, aortic root DSA revealed a left circumflex coronary artery to right atrium fistula with significant expansion of the left circumflex coronary artery, running tortuous ( Figure  3a A 12-year-old boy, aortic root DSA revealed a left circumflex coronary artery to right atrium fistula with significant expansion of the left coronary artery (Figure 4a) . Selective left coronary artery angiography showed obvious expansion of the left coronary artery, running tortuous, a small right atrium fistula (Figure 4b) . By X-ray fluoroscopy-guided interventional treatment of coronary artery fistula was implemented. An amplatzer occluder was placed on the fistula, an umbrella at the right atrium, another umbrella at the expansion of left coronary artery, fistula was blocked (Figure 4c ). Postoperative aortic root DSA showed no obvious contrast agent shunt, amplatzer umbrella being normal position (Figure 4d ).
Forschen Sci
O p e n H U B f o r S c i e n t i f i c R e s e a r c
Case 5
A 5-year-old girl, aortic root DSA revealed a right coronary artery to right atrium fistula with significant expansion of the right coronary artery. Selective right coronary artery angiography showed obvious expansion of the right coronary artery, a small right atrium fistula (Figure 5a ), fistula stenosis (3.6 mm diameter). By X-ray fluoroscopy-guided interventional treatment of coronary artery fistula was implemented, an amplatzer occluder was placed on the fistula, an umbrella at the right atrium, another umbrella at the expansion of right coronary artery, fistula was blocked. Postoperative aortic root DSA showed no obvious contrast agent shunt, amplatzer umbrella being normal position (Figure 5b) . Open Access
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Discussion
Congenital coronary artery fistula is a rare congenital coronary artery disease, the main reason is due to occur during embryonic development, trabecular cardiac muscle and coronary sinus-shaped gap communicates with the cardiac development, sinus-shaped gap is compressed and gradually back into the capillaries, causing the formation of abnormal blood vessels [4] . CAF can be originated from the right coronary artery, the left coronary artery or bilateral. Clinically, coronary artery with the right atrium, right ventricle, left atrium, left ventricle or pulmonary form CAF, mainly with right heart [5] . In all five cases in this group, four cases were originated from the left coronary artery, one case was originated from the right coronary artery, all five cases were right heart fistula, and this is consistent with the literature.
CAF imaging techniques, including US, Multi-slice CT and DSA, provide critical information to diagnose fistula. Obtaining accurate imaging diagnoses of CAF remains challenging [6] . US is the primary imaging modality to evaluate CAF. Color Doppler can observe the degree of expansion of the initial segment of the right coronary artery and application flow imaging of the heart chamber and abnormal blood flow within the pulmonary artery. However, due to the expansion of the artery cannot display the full image, especially drainage to the pulmonary artery, a small fistula, shunt less prone coronary artery fistula and easy to find, easy to cause misdiagnosis. Now, with the continuous development of improved technology for the rapid development of MSCT scanning and post-processing functions, MSCT can be used as a relatively safe, fast and accurate means of checking on the diagnosis for CAF [7] . Nevertheless, US and MSCT has great limitations in the interventional treatment.
Cardiovascular DSA has provided a useful complementary tool to diagnose and treat CAF. So far, coronary angiography is considered for the "gold standard" for the diagnosis of CAF [8] . Cardiovascular DSA can display the entire coronary artery branches, clear fistula size, number, location, fistula diameter, and then guide treatment choices, especially in the presence of fistula blood vessels that supply the heart or less thick muscle has an advantage. Relative to the surgery, interventional treatment of coronary artery fistula catheter shorter hospital stay, lower costs, less invasive, but must be strictly controlled the indications, standardized operation, avoid surgical complications [9] . Amplatzer Duct-Occluder and coil are common occluder devices. Amplatzer Duct-Occluder are applicable in large coronary artery fistula usually, coil for a smaller coronary fistula. In this group, Amplatzer Duct-Occluder were used for the first, fourth, fifth cases. Amplatzer Duct-Occluder and coil were tried to place on the fistula respectively, but no success. Not all cases are suitable for interventional therapy, in conjunction with imaging findings, the patient's electrocardiogram and other clinical situations, we had the final decision on whether intervention or surgery.
Conclusions
Cardiovascular DSA is effective in the assessment of children complex coronary artery fistula, and may Guide interventional procedures. US can add useful informations in assessing children complex coronary artery fistula. With the development of intervention techniques, cardiovascular DSA are increasingly used in the treatment of children complex CAF.
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